In this note we consider the logarithmic curvature correction to Lifshitz and hyperscaling violation geometries. We investigate the effect of this correction to the gauge kinetic function f (φ) and the effective potential V (φ). For the case of hyperscaling violating we show that the coupling between dilaton and the correction terms exhibit the logarithmic behavior for dilaton like for the case of squared curvature correction. We find the unexpected form of gauge kinetic function and potential in the presence of logarithmic terms. We try to resolve the IR singularity of Lifshitz and hyperscaling violation geometries by adding the logarithmic term.
Introduction
In the recent years, various classes of background in application of condensed matter is discussed by the holographic method [1] - [6] . In that case, the simple generalization is to consider metric background as dual to scale-invariant field theories and non-conformal invariance. So, we are going to introduce the metric background as [7, 8] 
which is invariant under the following scaling,
For the holographic applications to the condensed matter system, it becomes clear that we need to consider more general classes of metrics than those with the asymptotic AdS boundaries. Recently, Lifshitz-type theories with hyperscaling violation including an abelian gauge and scalar dilaton field discussed and the corresponding metric will be as [9] ,
We note here the metric background includes a dynamical critical exponent z and a hyperscaling violation exponent θ, also d is the number of transverse dimensions. The metric background (3) is not invariant, but transforms covariantly ds → λ θ/d ds which is a defining property of hyperscaling violation in holographic language. Hyperscaling violation first mentioned in context of holographic in [10] . For the theories with hyperscaling, the entropy behaves as S ∼ T d/z . In this context, the hyperscaling violation exponent θ is related to the transformation of the proper distance, and its non-invariance implies the violation of hyperscaling of the dual field theory . Then, the relation between the entropy and temperature has been modified as S ∼ T (d−θ)/z . In general, theory with hyperscaling violation d − θ plays the role of an effective space dimensionality for the dual field theory [9, 10, 11] . In paper [12] the authors have studied the effect of certain quartic derivative terms on hyperscaling violating solutions, using in particular dimensional reduction techniques which make clear the reinterpretation of θ as some effective dimensionality. Though they could not achieve any resolution of the curvature singularities using these higher-derivative terms. In [13] have been shown how generalized dimensional reduction techniques can be used to define the hyperscaling violating holographic dictionary, and to what extent things really scale as in d − θ dimensions. Also, in order to get a physically sensible dual field theory, we should construct the null energy condition (NEC) as T µν n µ n ν ≥ 0 on the Einstein equation, where
The Einstein-Maxwell-Dilaton action which is responsible for both Lifshitz and hyperscaling geometries has the following form [14, 15, 16] ,
where f (φ) = e λφ is defined for both Lifshitz and hyperscaling geometries while the potential follows as, 
Both of these spacetime suffer from the null singularity in IR which makes the infrared incomplete [17] - [23] . In Refs [22] and [23] the authors attempted to resolve the IR singularity by implementing the R 2 correction to the action (4) for the Lifshitz and hyperscaling violation respectively.
1 In this paper we are interested in f (R) theories , in which the Ricci curvature R in the Einstein-Hilbert action of general relativity is replaced by an arbitrary function of R in the Lagrangian [25] - [31] . On the more specific case, we would like to investigate the f (R) model with logarithmic term of the form
. f (R) theories with logarithmic terms have been discussed in [26] - [31] . The removal of singularities in Horava-Lifshitz gravity via higher derivative terms of R 2 type have been discussed in [28] . Recently, inflation in R 2 + R 2 ln R theory was studied in [29] . In this work we utilize this correction for the both Lifshitz and hyperscaling violation backgrounds. This paper is assigned as follows. In section 2, we extend the Einstein-Maxwell-Dilaton system by adding the logarithmic correction and obtain the resulting Lifshitz solution. We repeat the above process for the hyperscaling violation background and try to resolve the IR singularity in section 3 . Finally, in the section 4, we close with the summary.
Lifshitz solutions in the presence of logarithmic correction
By replacing the f (R) terms, our Einstein-Maxwell-Dilaton action (4) take the following form,
where R 0 is a positive constant parameter [30] . Taking the variation of action, we write the Einstein's equations as,
where,
and
With these equations, the Maxwell and scalar equations are obtained as,
1 Recently, in [24] , the authors proposed a model which provides a nonsingular IR completion of hyperscaling violating Lifshitz spacetimes, namely another IR AdS 4 rather than AdS 2 × R 2 . They make use of an effective mass for the vector in the IR to eat up the electric flux and close the AdS 2 × R 2 throat.
where f ′ (φ) is the derivative of f (φ) with respect to φ. By using the metric ansatz (1), the Maxwell equation (11) leads to
where Q is an integration constant. To solve the Einstein's equations, we combine the various component of energy momentum tensor as follows,
On the other hand one can obtain,
where
. By combining the above equations, the final solution in the presence of logarithmic correction is given by the Lifshitz metric (1), the Maxwell field (13) , and the dilaton φ = β ln r + φ 0 ,
where the parameter of the solution, β, charge and the cosmological constant Λ are given in the terms of z and α 1 and α 2 according to,
By replacing the f (R) terms, we see that the action (7) admits Lifshitz solutions with an electric background gauge potential and φ ∝ ln r. The effect of extra terms in the action is to renormalize the cosmological constant and electric charge by inducing correction in the terms of α 1 , α 2 and z.
Logarithmic correction to the hyperscaling violating background
In this section we generalize the solution of last section to non-zero θ and investigate the effects of logarithmic correction on the solutions of hyperscaling violating backgrounds. For this purpose we introduce the hyperscaling violating action in the presence of f (R) terms as,
where the g(φ) function added to derive the hyperscaling violating solution [21] , [32] . The equations of motion of the above action are obtained as follows,
Lets us take the general form of V (φ) and f (φ) in the above equations of motion and g(φ) = e ηΦ with Φ = Φ 0 + ω ln r . By implementing the metric anstaz (3) and repeating the progress of last section we have,
). The first of the above equations shows that, . By investigating the relevant relations to the potential and the charge, one can find that the exponential form for V (φ) and f (φ) is not enough. For solving this problem we define f (φ) −1 = e −λΦ (Φ − λ 0 ) and V (φ) = e γΦ (Φ − γ 0 ). With these constructions one can easily check the following values for λ and γ,
By substituting the above relations in the equation (23) we obtain,
We see that the logarithmic correction to the hyperscaling action, don't lead to a solution with the pervious expected form of V (φ) and f (φ). As we showed in this section, to have a correct solution we have to change the form of potential and gauge kinetic function. We expect that our results to be in agreement with the results of previous section in the limit of θ = 0 for the Lifshitz geometry. This statement can be obtained when we use the following equalities,
so, the gauge kinetic function and the potential receive to the expected exponential form. One can also check the α 2 ≪ α 1 condition which gives the R 2 gravity. In this statement f (φ) and V (φ) functions receive to the results of [22] and [23] for Lifshitz and hyperscaling violating geometries by using the relation (28) .
Resolving the singularity We follow the Ref [23] to investigate the behavior of hyperscaling violating solutions in the IR in the presence of logarithmic correction. For this purpose we work in the (a-b) gauge and so take the following metric ansatz,
By changing the variable in the above relation in a way that zr = r −z ,x = z 1− 1 z x we receive,
−2 and the hyperscaling violating solution in this gauge is,
The field parametrization in the (a-b) gauge becomes,
To repeat the process of last section in this gauge we need the following relations,
If we consider an initial solution of AdS 2 × R 2 in the IR as,
and define g(φ) = 1 2
(c 1 e ηφ + c 2 ), then by using the relations (33) we obtain,
and the scalar equation becomes,
Now by considering f (φ) = e λφ , V (φ) = V 0 e γφ , we have the following solution in the IR V 0 e γφ I = 1 + α 2 (c 1 e ηφ I + c 2 ),
As we see, the behavior of potential and kinetic gauge potential is exponential in the IR. The above solution only makes sense for a certain value of λ, γ, α 1 , α 2 , c 1 and c 2 . We don't discuss about the numerical space of parameters in this paper as [25] and [26] and leave this work for future.
Resolving the IR singularity for the Lifshitz geometry with the logarithmic correction can be done by repeating the above process as in [22] . In this case, we should replace the potential with the cosmological constant. This statement leads to introducing g(φ) = C = 1 2(2α 1 +α 2 +2α 2 ln
. Now by considering f (φ) = e λφ , we receive to the pure gravitational solution in which Q 2 = 0 and the cosmological constant is Λ = 1 +
. If we want to achieve a solution with non-zero charge we have to change the definition of f (φ) and equal it to a constant value.
Summary
In this paper, we studied the logarithmic correction to the Lifshitz and hyperscaling geometries. For the Lifshitz background we found that this correction effects on the charge and the cosmological constant and so these parameters have a new definition in the terms of dynamical exponent and the constants of correction. We obtained the dilaton through the logarithmic dependance on the radial coordinate and found that the form of gauge kinetic function exponentially remains unchanged. In the hyperscaling violating background the consequences of the logarithmic correction are more. We showed that to have a correct solution in the presence of this correction we have to change the form of potential, gauge kinetic function and the dilaton function. These functions have a new definition in terms of θ , z, α 1 and α 2 . We checked that our results for the potential and the gauge kinetic function in the hyperscaling violating case in the limit of θ = 0 are in agreement with what we obtained in the Lifshitz case. At the end of our work in this paper we studied the IR behavior of hyperscaling violation and Lifshitz solutions in the presence of logarithmic term. In this limit for the hyperscaling violating geometry, we found that V (φ) and f (φ) get back to their exponential forms and so we couldn't find a solution with the new form of these functions. For the Lifshitz case, we received to the pure gravitational result where the matter field has been decoupled and found that to have a solution with non-zero charge we should change the form of kinetic function as the hyperscaling violating case. Recently the authors of [33] have provided a further motivation for embedding Lifshitz geometries with hyperscaling violation in higher-order theories like our, namely, the fact that including such terms modifies the structure of divergences of the holographic entanglement entropy formula, in some cases producing new universal terms. Actually, one might wonder what kind of terms would be produced by the R 2 + ln f (R) theory we considered in this paper.
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